This work is focused on the influence of different friction stir welding (FSW) parameters on AA6082 T-6 and AA5083-O alloys welding quality, by using Taguchi, Grey Relational and Weight Method. Four welding parameters were investigated, namely tool rotation speed (TRS), welding speed (WS), tool pin profile (TPP) and shoulder diameter (SD). The optimized setting of these input parameters was investigated so that weld parts quality could be optimized. Analysis of variance (ANOVA) was used to investigate the effects of these welding process parameters on response variables, viz. elongation (EL) and ultimate tensile strength (UTS). Single response optimization was carried using Taguchi Technique while grey relational analysis (GRA) was used for simultaneous optimization of two responses. Once the optimal settings of control factors were identified, confirmation experiments were performed for the validation of results. In the multi-response optimization, TRS was found to have the maximum effect (57.9%), followed by WS, SD and TPP. Weight method was applied for providing the priority to the response (i.e. EL and UTS). The response with higher priority presented a weight equal to 0.7, while the lower priority given corresponds to a weight of 0.3.
Introduction
Friction stir welding (FSW) was firstly investigated in 1991 by the welding Institute in the United Kingdom. By this welding technique, weld is made in solid phase, with no melting. During the FSW process (Gemme et al., 2009 ), a cylindrical tool being revolved and leisurely pushed into the mutual line where both specimens are butted together. Frictional heat is created in between the work piece and the resistant welding tool. The material softens due to frictional heat without attaining the dissolving point and permits traversing of tool besides the weld line (Fukuda, 2001; Mathers, 2002) . 52 Okamura et al. (2004) studied a wide range of aluminium alloys, from 1000 to 8000 series, for FSW on similar and dissimilar material. It became clear from their research that joining dissimilar aluminium alloys, having different properties, is a challenging task. Shtrikman et al. (2005) analyzed the joining of dissimilar aluminium alloys D19 and 1420, focusing onthe phase composition, grain structure and the mass transfer rate in the joints. Soundararajan et al. (2007) studied AA5182 and AA6022aluminium alloys welding using FSW, considering the influence of plunge depth, rotational and transverse speed on the weld development. Behnagh et al. (2012) enhanced the wear resistance and hardness of AA 5083 by friction stir processing. Equi-axed grains can easily be induced by this process. investigated aluminium reinforced with graphite and SiC composites, concluding that welded region have greater wear resistance as compared to the base metal due to micro-structural improvement. Mirjalili et al. (2013) also improved the grain structure of AA 2017 (artificially aged) by FSW. Sarsılmaz et al. (2009) investigated the influence of input parameters viz. transverse speed, stirrer geometry and spindle rotational speed on UTS and the nugget hardness of friction stir welded AA 1050/AA 5083 alloys by ANOVA. Tanaka et.al (2010) considered the FSW of AA5083 and A6N01 for producing high quality dissimilar welds by evaluation of root bending testing and microstructure. Palanivel et al. (2011) considered the effect of process parameter such as TPP (five levels) and welding rate (three levels) over the tensile properties of AA-5083-H111 with AA6351-T6 alloy joints fabricated by FSW. Additional increases in the welding rate resulted in tensile strength diminishing. Baratzadeh et al. (2012) studied the micro-structural and mechanical properties of FSW butt joints between AA6082-T6 with AA6063-T6 through the Design of Experiments (DOE) methodology. Baratzadeh et al. (2013) studied the discontinuous friction stir lap-welding on AA-2024-T3 and 7075-T6 for crack initiation at friction stir weld exit holes in no-load transfer coupons. Constant amplitude fatigue tests were performed to find out the influence of different welding scenarios. Kandasamy et al. (2012) analyzed the influence of copper inclusion during the FSW of AA 6061/7075 (i.e. heterogeneous system), concluding that the intermetallic compounds (Al2Cu etc.) formed during the FSW enhanced the joint strength by 24MPa. Bahemmat et al. (2011) analyzed the effect of FSW parameters on the characteristics of AA7075-O / AA2024-T4 joints. Kumar and Raju (2012) studied different pin profiles influence onthe mechanical properties of FSW copper. The square pin profile gave the best result as compared to other profiles. Palanivel et al. (2012; studied different AA6351-T6/AA5083-H111 joints by FSW, using three different welding speeds (36, 63 and 90 mm/min). These authors found that 63 mm/min imparted better mechanical and metallurgical properties than other welding speeds. The fracture mode was observed to be a ductile fibrous fracture. Kundu and Singh (2016; worked on the joining of dissimilar Al alloys and investigated the mechanical characteristics after varying the input parameters at five different levels. They found that tool tilt angle is the prominent factor in the investigation of tensile strength and quality of surface. Gungor et al. (2012) studied the fatigue and mechanical properties of different alloys after FSW. The joint efficiency was nearly 65%, while in case of similar alloy it has been found nearly 85%. Low speed FSW shows higher fatigue limits. Esmaeili et al. (2014) worked on the elimination of welding defects viz. fragment and tunneling defect during FSW, by controlling the process parameters.
The above mentioned literature review shows a gap and therefore a research opportunity regarding the FSW of dissimilar alloys, namely AA 6082-T6 and AA 5083-O. In this sense, the present research work focused on FSW of AA 6082-T6 and AA 5083-O alloys. Firstly, single response optimizations were carried out by Taguchi's Technique for UTS and EL individually. Afterwards, both responses were optimized simultaneously by Grey relational analysis (GRA). Weight method is used in the Grey relation for giving the importance to any response. To a response of high importance is given a large weight value; while for a less important response, a smaller value of weight is provided, simultaneously. Equal weights (i.e. 0.5) are to be given in case of responses with equal importance.
Experimental Set-Up

Experimental Method
A universal vertical milling machine was utilized for the current research work. The universal vertical milling machine tool has the following specifications: AA 6082-T6 and 5083-O of 6-mm thickness were used to fabricate the joints (where 'T6' stands for tempered and 'O' stands for annealed soft). The Sheets were cut to the requisite size (150×60×6mm) by power hacksaw and then grinding was done to eliminate burrs. The chemical composition of AA 6082-T6 and AA-5083-O is given in Table 1 . AA 6082 and AA 5083 are widely utilized in sub-marine and aero-space industries due to their high strength and light weight. AA 6082-T6 is Al-Mg-Si alloys containing manganese to enhance toughness and ductility while AA 5083-O is Al-Mg alloy. Table 2 gives the UTS and EL of the base material for AA 5083-O and AA 6082-T6. These values were measured with the help of universal testing machine according to ASTM guidelines.
Cylindrical(1) Threaded Cylindrical(2) Square (3) Trapezoidal(4) The material used for the FSW tool was high carbon steel due to its good machinability, good thermal fatigue resistance. Other properties, which make it suitable during aluminium alloy joining are resistance to deformation and abrasion. The tools were consisted of tool shank, tool shoulder and tool pin.
The cylindrical profiled tool shoulder was used for producing heat and different pin profiles were used to stir the material during welding. The different tool pin profiles used such as simple cylindrial, threaded cylindrical, Square and trapezoidal were shown in Fig. 1 . The pin profile cross section used in the current research was 6mm diameter in cylindrical tool pin, 6mm diameter with 1mm pitch in threaded cylindrical, 6mm side in case of a square tool pin, and in trapezoidal 6mm of base with tapered to 3mm at the tip. After manufacturing the tools, the pin of the tools was annealed for strengthening the tool tip. The control parameters viz.: TRS, WS, TPP and SD were selected (by literature review and machine tool capacity) for optimizing the various response parameters (UTS and EL). Taguchi's design of experiment was used for the planning of experiments using L16 orthogonal array (Roy, 1990) . In light of the objective, the levels for each factor have been decided to keep in view the machine tool capacity of the milling machine used for FSW. Table 3 details the different control variables and their levels.
The process parameters, those were kept constant during the experimentation, are axial load-2kN; final plunge depth of tool pin -5.8 mm; tool pin diameter-6mm; tool tilt angle-1 o ; tool pin length-5.8mm; cooling medium-Normal air; Tool material-high carbon steel, mode of FSW-position control. For the testing of welded pieces on a universal testing machine ASTM guidelines were followed. Table  4 gives the values of UTS and elongation against the input parameter setting for L16 orthogonal array. Table 5 shows the signal to noise (S/N) value for UTS and EL. 
Analysis of Result for Single Response Optimization
The major process parameters affecting the UTS can be analyzed ANOVA. The optimum condition is shown by peak points (Fig. 2a) in the plots (Byrne and Taguchi, 1987; Ross, 1988; Sharma and Khanna, 2011; Sharma et al., 2016) . Fig. 2 (a) and Fig. (b) shows the influence of different input 56 parameters on UTS and EL. The analysis is done using "MINITAB 16" exclusively used for the design of experiment purposes.
The ANOVA has been executed to recognize the major parameters and to enumerate their outcomes on the performance measures. ANOVA indicate that which parameters influence the response most (Barker, 1990) . Response Table for UTS and EL is given in Table 6 for investigating the optimal parameter setting. ANOVA for Means data are given in Tables 7-8. An optimal level of significant parameters i.e. TRS (A1), WS (B4) and SD (D2) in Table 6 and Fig.  3 (a) are used to predict the mean value of UTS. The predicted mean of the UTS is determined (Roy, 1990; Kumar, 1993) by Eq. (1). µUTS = A1 + B4 + D2 -2T
( 1) where, T = overall mean of UTS = (ΣTS)/16 = 228.8875MPa
Also, UTS are taken from the Table 4 and the values of A1, B4, and D2 are taken from the Elongation is predicted at suggested levels of input parameters TRS (A1) and WS (B4) and SD (D1) ( Table 6 and Fig. 3 (b) ). The predicted mean of the EL determined from Eq. (2). 
Effect on UTS
From Table 7 , it is found that the WS is the most influencing factor for increasing the tensile strength, SD is the 2 nd major contributing parameter, TRS is the 3 rd parameter. It is also clear from the Fig. 2 (a) that the UTS increase as the WS is increased. But with the increase of tool rotation speed, UTS decreases. The reason behind this is that when the WS increases the heat input in the thermo mechanically affected zone (TMAZ) and heat affected zone (HAZ) reduces due to which the ductility of material in TMAZ do not increase but UTS increases . By increasing the TRS, the heat input in the TMAZ and HAZ increases due to which ductility of material increases and finally UTS decreases. From the Fig. 2 (a) , the UTS first increases from 14mm to 16mm and then decreases because of the increase in length of TMAZ and HAZ. In order to estimate the contribution of each factor towards the variation of joining performance in terms of UTS for FSW of AA 6082-T6 and AA 5083-O, the ANOVA result (Table 7) gives that TRS is the most effective parameter with a contribution of 64.08%. The percent contribution of WS on UTS is 29.55 %, followed by the tool SD (5.67 %) as depicted in Fig. 3 (a) .
Fig. 3 (b) Percentage Contribution of Process Parameters on EL
Effect on Elongation
The most significant factor for the elongation is tool rotational speed whereas the effect of WS and tool shoulder dia. was also significant. From the Fig. 3b , the optimal Elongation has been recorded with TRS (at level 1), WS (at level 4), SD (at level 1). In FSW the TRS is a more significant factor for optimizing the elongation as compared to other parameter i.e. WS, SD and TPP with regard to elongation. It is depicted from Fig. 2b that by increasing the TRS, elongation increases. This is due to increase of the ductility on TMAZ and HAZ, because of more heat is added at higher value of TRS. By increasing the WS; the heat addition is reduced in the welding region (TMAZ and HAZ) due to which ductility decreases and hence the elongation are decreased. By increasing the SD, the length of welding region increased due to which elongation found to be increased.
For the contribution of each factor towards the variation of welding performance in terms of elongation, ANOVA was conducted. The ANOVA test summary for Elongation has been recorded for the average response (Table 8 ). The ANOVA results also showed that TRS is the most effective parameter with a contribution of 48.29%. The percent contribution tool SD and WS is 36.71% and 11.06%, respectively (Fig. 3b) . Hence the elongation is affected by the TRS, SD and WS. It is found from this discussion that the elongation enhances by increasing TRS and tool shoulder diameter.
Multi Response Optimization
Taguchi's technique is meant for single performance characteristic optimization but sometime a balance is to be kept between the two responses, especially if both are opposite in nature viz. one is "larger is better" and another one is "smaller the better". In these types of problems, an optimal setting of parameters can be obtained by integrating some other technique like Taguchi Grey relational analysis (GRA). Deng (1982; 1989) suggested Grey relational analysis by generating a cumulative value known as grey relational grade. Two different ways can be adopted for obtaining the grade value like one method using the mean value of response and another method using the S/N ratio.
Grey Relational Analysis (GRA)
Antony (2001) used Taguchi's quality loss function for the optimization of numerous responses in manufacturing processes. The coefficient value for each response is evaluated by GRA procedure which is known as the Grey relational coefficient (GRC). The weighted values of these coefficients are termed as grey relational grade (GRG) and are employed for the further analysis by Taguchi's experimental plan. A mean value and S/N ratio of UTS and elongation is used for multi response optimization. Mean values and S/N ratios of UTS and EL are shown in Table 5 . Also response value in some cases varies in microns, while in some cases it is in terms of 1000. Data pre-processing is necessary to convert it in between 0 and 1. For the "larger-the-better" response viz. UTS, the original sequence follows: * min max min (3) where, xi (k) -sequence subsequent to the data pre-processing, * (k) -Original sequence of SN ratio, k=1 for UTS; i=1, 2, 3…, 16 for experiment numbers 1 to 16 (Caydas and Hascalik, 2008; Khanna et al., 2015; Jangra et al., 2016) . When the "smaller-the-better" is a characteristic of the real sequence, then the real sequence follows: * max max min ,
k=2 for elongation i=1, 2, 3…, 16 for experiment numbers 1 to 16. All the sequences are listed in Table  10 after data pre-processing. The absolute difference of GRC (ξi (k)) and array Δ (k) is computed from the analysis model of GRA are shown in Table 10 . The GRC is defined as follows:
Now, Δ (k) -deviation sequence x*i (k) -comparability sequence * (k) -reference sequence as shown in Table 11 .
After obtaining the GRC, the GRG is determined by using weight method, like if UTS is given more preference than EL, then GRC of UTS is multiplied by 0.7 and another coefficient multiplied by 0.3. If EL is given more preference, then it is multiplied by 0.7 and UTS multiplied by 0.3. In case of equal preference both are multiplied by 0.5 and then added as given in Table 12 . ,
where γi is the GRG for the ith experiment. GRG for every experiment using L16 orthogonal array were shown in Table 12 . The superior GRG denotes that respective experimental result is approaching the ideally normalized value. When equal weight is given to both responses (i.e. 0.5) or UTS is given minimum weight (i.e. 0.3), EL is given maximum weight (0.7), then the seventh trial run gives the maximum grade value. While when UTS is given maximum weight (0.7) and EL is given minimum weight (i.e. 0.3), then the 8 th trial run gives maximum grade value. The maximum values of grades were represented by bold and highlighted text in Table 12 . 
Performing ANOVA
A response table for means and ANOVA is shown in Table 13 and 14 respectively, and graphs of GRG (equal preference to responses) are represented in Fig. 4 . It clearly illustrates from Table 14 that WS, TRS and Tool SD are the major contributing parameters to influence GRG, so improve UTS and weld quality. Excluding these three parameters TPP is also significant. The effect of the significant parameters is considered to predict the optimal value of every response characteristic. The average values of the response variables must lie within the 95% confidence interval, obtained from confirmation experiments CI CE . Estimated GRG computed as; 
Conclusions
Basically, this study evaluates the welding performance of FSW by using a vertical milling machine on AA 6082 T-6 and AA 5083-O. All the experiments were run; planning and analysis were executed using Taguchi design of experiment. The purpose of the DOE method was to evaluate the optimum state of welding parameters and the importance of parameters for the performance of welding characteristics. The total experiment with 16 trials with randomized parameter was done by MINITAB 16 software. The following remarks are concluded, based on the performance of welding characteristics studied in this research work namely, UTS and EL.
1. Only three parameters, i.e. Tool Rotation Speed, WS and tool SD that mainly affects the UTS as investigated from the ANOVA table. TPP plays a non-significant role for evaluating UTS. With regard to the average response, TRS has emerged as the most significant with a contribution of 64.08%, followed by WS (29.55%); tool SD (5.67%) and TPP can be termed as less significant for UTS. It can be concluded from the result that input parameters setting of TRS at 1200rpm, WS at 35mm/min and tool SD at 16mm have given the optimum results for UTS. 2. Tool rotation speed, welding/transverse speed, tool pin profile, tool SD significantly affects the EL in FSW on AA6082-T6 and AA 5083-O. With regard to the average response, TRS has emerged as the most significant with 48.29%, contribution followed by WS (11.06%); tool SD (36.71%) and TPP can be termed as less significant. It has been concluded from the results that "input parameters setting TRS at 1200 rpm, WS at the 35mm/min, and tool shoulder dia. at 14 mm have given the optimum results for elongation. 3. Multiple response optimization in FSW on AA6082-T6 and AA 5083-O has been obtained with the application of GRA and it has been found that process parameter settings of TRS at 1200 rpm, WS of 30 mm/min, TPP of trapezoidal and the tool shoulder dia. at 14mm have given the best results for simultaneous optimization of Ultimate tensile strength and Elongation. Multi response optimization provides a single parameter setting that leads to optimum welding performance in terms of two different machining characteristics collectively. From Table 15, 
